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&RPSXWHU6XSSRUWHG&ROODERUDWLYH'HVLJQ&6&'WHFKQRORJLHVFDQHQDEOHWHDPVWRFROODERUDWHDFURVV
ERXQGDULHV(PHUJLQJUHVHDUFKGRFXPHQWVWKHSRWHQWLDORI&6&'WHFKQRORJLHVWRFRQWULEXWH WRZDUGV
VXFFHVVIXO FROODERUDWLYH GHVLJQ KRZHYHU QR PRGHO H[LVWV WR GHILQH WKH UHODWLRQVKLS EHWZHHQ D
VXFFHVVIXOGHVLJQDFWLYLW\DQG&6&'IDFWRUVZKLFKLQIOXHQFHLWVVXFFHVV7KLVSDSHUXWLOLVHVDV\VWHPDWLF
OLWHUDWXUHUHYLHZWRFDWHJRULVHNQRZQ&6&'IDFWRUVFDWHJRULVHDQGFKDUDFWHULVHWKHPDQGDSSOLHVWKLV
NQRZOHGJHWRZDUGVGHYHORSLQJDQHVWDEOLVKHGGHVLJQDFWLYLW\PRGHOWRLQFOXGH&6&'IDFWRUV
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,QWKHSDVWSURGXFWVZHUHW\SLFDOO\GHYHORSHGE\DVPDOOWHDPLQDFROORFDWHGVSDFH1RZJOREDOWHDPV
KDYH WKH FKDOOHQJH RI GLVWULEXWHG ZRUNLQJ DQG QHZ FROODERUDWLYH FKDOOHQJHV KDYH HPHUJHG 8VLQJ
&RPSXWHU6XSSRUWHG &ROODERUDWLYH 'HVLJQ &6&' WHFKQRORJLHV HQJLQHHULQJ GHVLJQ WHDPV XWLOLVH
GHVLJQDFWLYLWLHVWRSURJUHVVWKHGHYHORSPHQWRIDSURGXFW&RPPXQLFDWLRQWHFKQRORJLHVFDQIDFLOLWDWH
GLVFXVVLRQ VKDULQJ IXQFWLRQDOLWLHV FDQ HQDEOH GDWD WUDQVIHU DQG SROOLQJ PHFKDQLVPV FDQ HQDEOH
GHPRFUDWLFGHFLVLRQPDNLQJ7KHLQFOXVLRQRI&6&'WHFKQRORJLHVLQWKHGHVLJQSURFHVVKDVFKDQJHG
KRZ NQRZOHGJH DQG UHVRXUFHV DUH XVHG WR IDFLOLWDWH GHVLJQ DFWLYLWLHV 6KHQ HW DO  $ EHWWHU
XQGHUVWDQGLQJ DQG GHILQLWLRQ RI WKH &6&' IDFWRUV ZKLFK LQIOXHQFH GHVLJQ DFWLYLWLHV ZLOO HQDEOH WKH
LQYHVWLJDWLRQRIPRUHHIILFLHQWHQJLQHHULQJGHVLJQWHDPZRUN7KLVUHVHDUFKSUHVHQWVWKHGHYHORSPHQW
RIDGHVLJQDFWLYLW\PRGHOWRGHILQHKRZ&6&'IDFWRUVLQIOXHQFHVXFFHVVIXOGHVLJQDFWLYLWLHV
&6&'LVDQDUHDRIUHVHDUFKLQYHVWLJDWLQJKRZFRPSXWHUWHFKQRORJ\FDQLQIOXHQFHWKHGHVLJQSURFHVV
WR VXSSRUW FROODERUDWLRQ 7KHVH PLJKW LQFOXGH FRPPRQ WRROV VXFK DV HPDLO DQG YLGHR FRQIHUHQFH
IXQFWLRQ VSHFLILF VRIWZDUH VXFK DV VRFLDO VRIWZDUH DQG GLJLWDO ZKLWHERDUGV RU KLJKO\ VSHFLDOLVHG
IXQFWLRQDOWRROVVXFKDV&$9(HQYLURQPHQWVDQGNQRZOHGJHPDQDJHPHQWV\VWHPV7KHVHWHFKQRORJLHV
DQGPRUHHQDEOHFROODERUDWLYHGHVLJQWRWDNHSODFHRQDGLJLWDOGHYLFH(PHUJLQJUHVHDUFKVXJJHVWVWKDW
XVLQJVSHFLILFWHFKQRORJLHVDWVSHFLILFWLPHVRIWKHGHVLJQSURFHVVFDQDGYDQFHRUGHOD\WKHSURJUHVVRI
WKHGHVLJQSURMHFWDQGWKDWFHUWDLQWHFKQRORJLHVPLJKWEHPRUHHIILFLHQWWKDQRWKHUV0DPRHWDO
7KHUHKDVEHHQUHVHDUFKLQWKHILHOGRI&6&'WRLQYHVWLJDWHKRZLQGLYLGXDO&6&'IDFWRUVLPSDFWWKH
DFWLYLWLHVRIWKHHQJLQHHULQJGHVLJQWHDPV%RUVDWRDQG3HUX]]LQL6KHQHWDO+RZHYHU
ZLWK VXFK D YDULHG DUHD RI VWXG\ VSDQQLQJ GLVFLSOLQHV RI GHVLJQ UHVHDUFK &RPSXWHU6XSSRUWHG &R
RSHUDWLYH:RUN &6&:KXPDQFRPSXWHU LQWHUDFWLRQ FRPSXWHU VFLHQFHDQG HQJLQHHULQJ WKHUHKDV
EHHQQRFRRUGLQDWHGDSSURDFKWRDWWHPSWWRSXOOWRJHWKHUWKHIXOOH[WHQWRIWKHLQIOXHQFHRIWKH&6&'
IDFWRUVRQDGHVLJQDFWLYLW\7KHGHYHORSPHQWRIDGHVLJQDFWLYLW\PRGHOWRFRQVLGHU&6&'IDFWRUVKDV
WKHFDSDELOLW\ WREULQJSXEOLVKHG UHVHDUFK WRJHWKHU FDWHJRULVH FKDUDFWHULVH DQG LGHQWLI\JDSV LQ WKH
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NQRZOHGJHWRZDUGVDPRUHFRRUGLQDWHGDSSURDFK7KH(GHVLJQDFWLYLW\PRGHOZDVLGHQWLILHGDVD
ZD\RISUHVHQWLQJWKH&6&'IDFWRUVZKLFKLQIOXHQFHGHVLJQDFWLYLWLHVDQGH[SORUHWKHLULQIOXHQFH
$WDUXGLPHQWDU\OHYHOFROODERUDWLRQLVZRUNLQJZLWKVRPHRQHWRSURGXFHVRPHWKLQJDQGFRRUGLQDWLRQ
LV WKH PDQDJHPHQW RI WKLV SURFHVV :LWKLQ GHVLJQ LW LV LPSRUWDQW WR FRRUGLQDWH WKH UHVRXUFHV DQG
FRQWULEXWHWRDFWLYLWLHVZLWKRWKHUVWRIDFLOLWDWHDFKDQJHLQNQRZOHGJH,IFROODERUDWLRQLVVXFFHVVIXOO\
VXSSRUWHGFRPSDQLHVFDQKDYHWKHJOREDOFDSDELOLWLHVWRUHPDLQFRPSHWLWLYHDQGHPSOR\DJLOLW\LQWKHLU
GHVLJQSURFHVV WR UHVSRQG WRRSSRUWXQLWLHV .KDOLO HW DO  'XII\  ILUVW SURSRVHG WKH(
GHVLJQDFWLYLW\PRGHO)LJXUHZKLFKFKDUDFWHULVHVWKHFKDQJHLQNQRZOHGJHGXULQJDGHVLJQDFWLYLW\
EDVHG RQ D GHVLJQ FRRUGLQDWLRQ IUDPHZRUN 7KH PRGHO LV LQ WKH QRWDWLRQ RI ,QWHJUDWHG 'HILQLWLRQ
/DQJXDJH,'()ZKHUHWKHGHVLJQDFWLYLW\KDVWKUHHLQSXWVDQGOHDGVWRRQHRXWSXW,QSXWNQRZOHGJH
LVFRQYHUWHGLQWRRXWSXWNQRZOHGJHWKURXJKDGHVLJQDFWLYLW\7KHDELOLW\RIWKHGHVLJQDFWLYLW\WRFRQYHUW
WKLVNQRZOHGJHLVDIIHFWHGE\UHVRXUFHVDYDLODELOLW\WRZDUGVDJRDO,QSXWNQRZOHGJHFDQRULJLQDWHIURP
SUHYLRXVGHVLJQDFWLYLWLHVRUWKHNQRZOHGJHKHOGE\WKHSDUWLFLSDQWVWRWKHGHVLJQDFWLYLW\5HVRXUFHV
FDQEHNQRZOHGJHEDVHGDFWLRQEDVHGRUDUWHIDFWEDVHGFRQWULEXWLQJWRWKHIDFLOLWDWLRQRIWKHGHVLJQ
DFWLYLW\7KH(GHVLJQDFWLYLW\PRGHOZDVLGHQWLILHGIRUWKLVUHVHDUFKWDVNDVLWFDQEHXVHGWRUHSUHVHQW
HIIHFWLYHQHVVDQGHIILFLHQF\EDVHGRQWKHVXFFHVVRIWKHGHVLJQDFWLYLW\7KHHIIHFWLYHQHVVRIDGHVLJQ
DFWLYLW\LVFKDUDFWHULVHGDVKRZZHOOWKHRXWSXWPHHWVWKHJRDORIWKHGHVLJQDFWLYLW\7KHHIILFLHQF\RI
DGHVLJQDFWLYLW\ LVFKDUDFWHULVHGDVKRZZHOO WKHLQSXWNQRZOHGJHKDVEHHQWUDQVIRUPHGLQWRRXWSXW
NQRZOHGJHZLWKWKHXVHRIUHVRXUFHV7KHVHDUHFDOFXODWHGPDWKHPDWLFDOO\DVGHWDLOHGE\%R\OHHWDO
7KH(GHVLJQDFWLYLW\PRGHOZDVGHYHORSHGEDVHGRQIDFWRUVRIFRRUGLQDWLRQ,I&6&'IDFWRUV
FRXOGEHDSSOLHGWRWKH(GHVLJQDFWLYLW\PRGHOLWZRXOGDOORZIRUDGHILQLWLRQRIWKHFRPSOH[LWLHVLQ
FRQGXFWLQJDGHVLJQDFWLYLW\LQIOXHQFHGE\&6&'IDFWRUVZKLFKFRXOGEHDSSOLHGLQWKHGHYHORSPHQW
RIVXSSRUWV\VWHPVIRUHQJLQHHULQJGHVLJQWHDPV

)LJXUH (GHVLJQDFWLYLW\PRGHOZLWKHIIHFWLYHQHVVDQGHIILFLHQF\PHDVXUHPHQW
DGDSWHGIURP'XII\
7KLVUHVHDUFKDLPHGWRGHILQHWKHUHODWLRQVKLSEHWZHHQ&6&'IDFWRUVDQGWKHGHVLJQDFWLYLW\7RDFKLHYH
WKLV WKH ( GHVLJQ DFWLYLW\ PRGHO ZDV GHYHORSHG WR LQFOXGH &6&' IDFWRUV 7KLV SDSHU GHWDLOV WKH
PHWKRGVXVHGWRJDWKHU&6&'IDFWRUVFDWHJRULVLQJDQGFKDUDFWHULVLQJWKHPDQGKRZWKH\ZHUHXVHGWR
GHYHORSPRGHO7KHSURFHVVRIFRQGXFWLQJWKLVLVGHWDLOHGZLWKILQGLQJVRQWKHFKDUDFWHULVWLFVRI&6&'
IDFWRUV7KHSRWHQWLDORIWKHPRGHOLVGLVFXVVHGLQFOXGLQJWKHQH[WVWHSVIRUWKLVUHVHDUFKSURMHFW
0HWKRGRORJ\
7RHVWDEOLVKWKHUHODWLRQVKLSEHWZHHQ&6&'WHFKQRORJ\DQGGHVLJQDFWLYLW\ WKUHHUHVHDUFKDFWLYLWLHV
ZHUHLGHQWLILHGDV\VWHPDWLFOLWHUDWXUHUHYLHZWRJDWKHU&6&'IDFWRUVDFDWHJRULVDWLRQDFWLYLW\WRUHILQH
WKHOLVWRI&6&'IDFWRUVWRFKDUDFWHULVHWKH&6&'IDFWRUVDQGDPRGHOOLQJDFWLYLW\WRXQGHUVWDQGWKH
UHODWLRQVKLSEHWZHHQWKH&6&'IDFWRUVDQGDGHVLJQDFWLYLW\7KHVHDFWLYLWLHVZHUHVHOHFWHGWRXWLOLVHWKH
IXOOUDQJHRI&6&'NQRZOHGJHFXUUHQWO\DYDLODEOHIURPDFDGHPLFOLWHUDWXUHLQFOXGLQJUHVHDUFKLQWRQHZ
&6&' WHFKQRORJLHV VWXGLHV LQWR KXPDQFRPSXWHU LQWHUDFWLRQ H[SORUDWRU\ VWXGLHV RI VWXGHQW
H[SHULHQFHVLQ&6&'SURMHFWVDQGFDVHVWXGLHVIURPLQGXVWULHVDGRSWLRQRI&6&'WHFKQRORJ\
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6\VWHPDWLFOLWHUDWXUHUHYLHZJDWKHULQJWKH&6&'IDFWRUV
$VWKHILHOGRI&6&'UHODWHVWRPXOWLSOHGLVFLSOLQHVDQLQWHUGLVFLSOLQDU\UHVHDUFKDSSURDFKZDVUHTXLUHG
DQGDV\VWHPDWLFOLWHUDWXUHUHYLHZHQDEOHGWKLV7KHV\VWHPDWLFOLWHUDWXUHUHYLHZSURFHVVLVUHSUHVHQWHG
LQ)LJXUH

)LJXUH 6\VWHPDWLFOLWHUDWXUHUHYLHZSURFHVV
7KHIRFXVRIWKHV\VWHPDWLFOLWHUDWXUHUHYLHZZDVWRJDWKHUWKH&6&'IDFWRUVZKLFKLQIOXHQFHWKHGHVLJQ
DFWLYLWLHV RI HQJLQHHULQJ GHVLJQ WHDPV DV LGHQWLILHG LQ DFDGHPLF SDSHUV MRXUQDOV DQG ERRNV $
SUHOLPLQDU\VHDUFKZDVFRQGXFWHGWRLWHUDWLYHO\EXLOGDOLVWRIUHOHYDQWDFDGHPLFVHDUFKHQJLQHVDQGWKH
FUHDWLRQRIDVHDUFKVWULQJ7DEOHWRFRQVLGHUDOOSDSHUV6HDUFKHQJLQHVZHUHVHOHFWHGDVWKH\LQGH[
WKHILHOGVRIHQJLQHHULQJWHFKQRORJ\FRPSXWHUVFLHQFHDQGHGXFDWLRQ,QWRWDOVL[VHDUFKHQJLQHVZHUH
VHOHFWHGIURPDOLVWRIKXQGUHGVDYDLODEOHWRWKHDXWKRU7KHVHDUH3URTXHVW(QJLQHHULQJ9LOODJH,(((
;SORUH6FRSXV(%6&2DQG$&0'LJLWDO/LEUDU\
7DEOH 6HDUFKVWUDWHJ\
)LHOG
$1
'
'RPDLQ
$1
'
6SHFLDOLVW
&ROODERUDWLYH'HVLJQ (QJLQHHULQJ1'HVLJQ &RPSXWHU:6XSSRUWHG
'HVLJQ7HDPZRUN 3URGXFW'HVLJQ 6RFLDO:1HWZRUN
&RRSHUDWLYH'HVLJQ ,QGXVWULDO'HVLJQ 6RFLDO:6RIWZDUH
'HVLJQ6WXGLHV 0RELOH:'HYLFHV
0RELOH:3KRQH
6PDUW:3KRQH
7DEOHW:&RPSXWHU
25 25 25

7R LGHQWLI\ UHOHYDQW SDSHUV GXULQJ WKH SUHOLPLQDU\ VHDUFK WKUHH FDWHJRULHV ZHUH HVWDEOLVKHG ILHOG
GRPDLQDQGVSHFLDOLVW,WZDVLGHQWLILHGWKDWLIDSDSHUPDWFKHGRQHVHDUFKWHUPLQHDFKFDWHJRU\LWLV
FRQVLGHUHG KLJKO\ UHOHYDQW WR WKH VWXG\ 7KHVH FDWHJRULHV IRFXV WKH VFRSH RI WKH LQYHVWLJDWLRQ IRU
H[DPSOHDVHDUFKIRUFROODERUDWLYHGHVLJQ$1'HQJLQHHULQJGHVLJQ$1'FRPSXWHUVXSSRUWHGZRXOG
LGHQWLI\SDSHUVUHODWHGWRWKHJRDORIXQGHUVWDQGLQJKRZcomputers can support engineering designers 
to conduct collaborative design activities7HUPVVXFKDV
VRFLDOQHWZRUN
ZHUHDGGHGWRHQVXUHWKHODWHVW
WHFKQRORJLHVZHUHLQFOXGHGLQWKHVWXG\WKLVZDVLGHQWLILHGDVDZHDNQHVVGXULQJWKHLWHUDWLYHVHDUFK
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7KH V\VWHPDWLF OLWHUDWXUH UHYLHZ ZDV FRQGXFWHG RQ SHHUUHYLHZHG GRFXPHQWV SXEOLVKHG EHWZHHQ
-DQXDU\DQG)HEUXDU\([FOXVLRQVZHUHDSSOLHGWRGXSOLFDWHGSDSHUVQRQDFFHVVLEOHDQGQRQ
(QJOLVKSDSHUV$Q\SDSHUVZKLFKUHSRUWGDWDFROOHFWHGEHIRUHZHUHH[FOXGHGWRHQVXUHPRGHUQ
WKHRULHVRI&6&'ZHUHXVHG&6&'IDFWRUVZHUHH[WUDFWHGIURPSDSHUVZKLFKUHPDLQHG
&DWHJRULVDWLRQRIWKH&6&'IDFWRUV
7KH&6&'IDFWRUVH[WUDFWHGIURPWKHOLWHUDWXUHZDVJURXSHGLQWRILYHFDWHJRULHVEDVHGRQWKHFRQWH[W
RIWKHIDFWRUZLWKLQLWVRULJLQDWLQJVRXUFH7KHVHFDWHJRULHVZHUHFUHDWHGLWHUDWLYHO\E\WKHOHDGDXWKRU
WDNLQJ LQVSLUDWLRQ IURP 0DWWHVVLFK DQG 0RQVH\  VL[ FDWHJRULHV RI VXFFHVVIXO FROODERUDWLRQ
IDFWRUV7KLVERRNDQGLWVVLPSOHFDWHJRULVDWLRQLVDODQGPDUNLQWKLVUHVHDUFKDUHD%HFDXVHRILWVDJH
DQGVLPSOLFLW\LWPD\QRWIXOO\UHSUHVHQWPRGHUQ&6&'EXWLVDJRRGVWDUWLQJSRLQWZKHQFRQVLGHULQJ
LQIOXHQFLQJ&6&'IDFWRUV'XULQJFDWHJRULVDWLRQLWZDVDSSDUHQWWKDWWKHVHVL[FDWHJRULHVFRXOGQRW
UHSUHVHQWDOOIDFWRUVVXFFHVVIXOO\DQGVRPHGHYHORSPHQWZDVUHTXLUHG&RPPXQLFDWLRQZDVFKDQJHG
WR FRPPXQLFDWLRQ FKDQQHOV WR UHSUHVHQW WKH PXOWLSOH PHWKRGV DQG IRUPV RI FRPPXQLFDWLRQ
(QYLURQPHQW ZDV FKDQJHG WR FROODERUDWLYH HQYLURQPHQW WR IDLUO\ UHSUHVHQW FROODERUDWLRQ
FRQVLGHUDWLRQV DQG FOHDUO\ H[FOXGH FRPPXQLFDWLRQ FRRSHUDWLRQ DQG FRRUGLQDWLRQ IDFWRUV
0HPEHUVKLSFKDUDFWHULVWLFVZDVFKDQJHGWRWHDPPHPEHUVKLSFKDUDFWHULVWLFVWRGLIIHUHQWLDWHEHWZHHQ
WKH FRUH GHVLJQ WHDP DQG H[WHQGHG VWDNHKROGHUV 3URFHVVVWUXFWXUH ZDV FKDQJHG WR SURFHVV DQG
VWUXFWXUH 5HVRXUFHV ZDV FKDQJHG WR UHVRXUFH DELOLW\ WR GLIIHUHQWLDWH EHWZHHQ WKH DYDLODELOLW\ RI
UHVRXUFHVDQGWKHLUDELOLW\7KHFDWHJRU\RISXUSRVHZDVUHPRYHGDVQRQHRIWKH&6&'IDFWRUVUHODWHG
WRWKHSXUSRVHRILQLWLDWLQJWKHFROODERUDWLRQ
&6&' IDFWRUV ZHUH FRGHG ZLWK FDWHJRULHV EDVHG RQ WKH ILYH FDWHJRULHV 2QH UHVHDUFKHU ZDV
UHVSRQVLEOHIRUFRGLQJWKH&6&'IDFWRUVZKLFKZDVFKHFNHGE\WZRRWKHUUHVHDUFKHUVZLWKH[SHULHQFH
LQ WKH DUHD )HZ IDFWRUV ZHUH FKDQJHG EDVHG RQ WKH RSLQLRQV RI WKH UHVHDUFKHU
V RSLQLRQV DQG QR
FRQIOLFWV EHWZHHQ WKH RSLQLRQV RI WKH UHVHDUFK ZDV GLVSXWHG )XUWKHU HIIRUWV KDYH EHHQ PDGH WR
VXEFDWHJRULHVWKHIDFWRUVDQGILQGODUJHUFRQVHQVXVEHIRUHIXUWKHUGHYHORSPHQWRIWKHPRGHORUXVHRI
WKH IDFWRUV )DFWRUV ZHUH RQO\ FDWHJRULVHG LQWR RQH FDWHJRU\ EDVHG RQ WKHLU DIIRUGDQFH WR WKH
HQJLQHHULQJGHVLJQWHDP
0RGHOOLQJWKHUHODWLRQVKLS
)URPWKHFDWHJRULVDWLRQRIWKH&6&'IDFWRUVWKHSRWHQWLDOIRUGHYHORSPHQWRIWKHPRGHOZDVFRQILUPHG
7KHQH[WVWHSZDVWRLQYHVWLJDWHZKLFKSDUWVRIWKH(GHVLJQDFWLYLW\PRGHOZRXOGEHDIIHFWHGE\D
FKDQJHLQWKH&6&'IDFWRUVDQGZKDWW\SHRIUHODWLRQVKLSWKH&6&'IDFWRUVPLJKWKDYHRQWKHPRGHO
FRQVLGHULQJWKHLQSXWVDQGWKHHIIHFWLYHQHVVDQGHIILFLHQF\PHDVXUHPHQW,QGHYHORSLQJWKHPRGHOWKUHH
LQYHVWLJDWLRQVZHUHFRQGXFWHGWKHUHODWLRQVKLSEHWZHHQWKH&6&'IDFWRUVDQGWKHFRPSRQHQWVRIWKH
H[LVWLQJPRGHOWKHLQIOXHQFHRISRVLWLYHDQGQHJDWLYH&6&'IDFWRUVDQGWKHLQIOXHQFHRIKXPDQDQG
WHFKQRORJLFDOIDFWRUV,QIOXHQFHLVGLVFXVVHGIXUWKHULQ6HFWLRQDVDQRXWFRPHRIWKHFDWHJRULVDWLRQ
DFWLYLW\
5HVXOWV
,QWKLVVHFWLRQWKHUHVXOWVRIWKHUHVHDUFKDFWLYLWLHVDUHGHVFULEHGWRJLYHDQXQGHUVWDQGLQJRIKRZWKH
PRGHOZDVFUHDWHGDQGWRSUHVHQWWKHPRGHOLWVHOI7KUHHDFWLYLWLHVFRQWULEXWHGWRWKHGHYHORSPHQWRI
WKHPRGHODQGKDGVSHFLILFRXWFRPHVDV\VWHPDWLFOLWHUDWXUHUHYLHZZKLFKLGHQWLILHG&6&'IDFWRUVD
FDWHJRULVDWLRQZKLFKLGHQWLILHGFDWHJRULHVDQGIXUWKHULQVLJKWVLQWRWKHQDWXUHRIWKH&6&'IDFWRUV
DQGWKHPRGHOOLQJLWVHOILQWKHFUHDWLRQRIWKHPRGHO
6\VWHPDWLFOLWHUDWXUHUHYLHZJDWKHULQJWKH&6&'IDFWRUV
7KHV\VWHPDWLFOLWHUDWXUHUHYLHZUHYHDOHGSDSHUVZKLFKPHWWKHILHOGGRPDLQDQGVSHFLDOLVWVHDUFK
WHUPV7REH LQFOXGHG WKHSDSHUPXVWH[SOLFLWO\ UHSRUWRQ WKH UHTXLUHPHQWVEDUULHUVRUEHQHILWVRI
&6&'WHFKQRORJ\WRVXSSRUWHQJLQHHULQJGHVLJQWHDPDFWLYLWLHVSDSHUVPHWWKLVFULWHULRQ$W\SLFDO
H[DPSOH RI WKLV LV LQ *RSVLOO HW DO  ZKHUH WZHQW\ UHTXLUHPHQWV VWDWHPHQWV ZHUH UHSRUWHG
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DOORZLQJ WKLV UHVHDUFK WR EHQHILW DQG EXLOG XSRQ WKH VWDWHPHQWV DQG EULQJ WRJHWKHU WKHRULHV IURP
GLIIHUHQWEDFNJURXQGV
,Q WRWDO &6&' IDFWRUVZHUH H[WUDFWHG7KH IXOO OLVW RI&6&' IDFWRUV FDQQRWEH LQFOXGHG LQ WKLV
VXEPLVVLRQEHFDXVHRIWKHVSDFHUHTXLUHGEXWDOO&6&'IDFWRUVDQGFDWHJRULVDWLRQVFDQEHIRXQGLQ
GHWDLODWKWWSGRLRUJDEHIFHGHD
&DWHJRULVDWLRQRIWKH&6&'IDFWRUV
&DWHJRULVDWLRQZDVXVHGWRFRQGHQVHWKH&6&'IDFWRUVDQGWRGHILQHWKHUHODWLRQVKLSRIWKHIDFWRUV
ZLWKWKHGHVLJQDFWLYLW\7DEOHGLVSOD\VWKHFDWHJRULHVRIWKH&6&'IDFWRUVDGGLQJDGHVFULSWLRQRIWKH
FDWHJRULHVIRUFRQWH[W
7DEOH &6&'FDWHJRULHVDQGGHVFULSWLRQRIWKHFDWHJRULHV
&DWHJRU\ 'HVFULSWLRQ
&RPPXQLFDWLRQFKDQQHOV 7KHPHWKRGVIRUFRPPXQLFDWLRQDQGGDWDWUDQVIHULQFOXGLQJLPDJHVWH[WYLGHR
DXGLRHWF7KHPHWKRGVZKLFKHQDEOHVWDNHKROGHUUHVSRQVHDQGVRFLDO
FRPPXQLFDWLRQWREXLOGSURIHVVLRQDOUHODWLRQVKLSV
&ROODERUDWLYHHQYLURQPHQW $OORZLQJDOOZKRUHTXLUHDFFHVVDQGDUHSHUPLWWHGDFFHVVWRUHOHYDQW
LQIRUPDWLRQ
7HDPPHPEHUVKLS
FKDUDFWHULVWLFV
$FFHVVWRWKHNQRZOHGJHRIWHDPPHPEHUVWRVKDUHFRPPRQH[SHULHQFHV
YDOXHVDQGNQRZOHGJHWRVXSSRUWXQGHUVWDQGLQJEHWZHHQWHDPPHPEHU
6XSSRUWLQJDVKDUHGXQGHUVWDQGLQJRIWKHSURMHFWDQGGHVLJQDFWLYLWLHVIRUDOO
WHDPPHPEHUVLQYROYHG(QFRXUDJLQJPRWLYDWLRQIRUDSURMHFWDQGWKHEXLOGLQJ
RIWUXVWEHWZHHQWHDPPHPEHUV
3URFHVVDQGVWUXFWXUH ,PSOHPHQWLQJV\VWHPDWLFPHWKRGVIRUFDSWXULQJNQRZOHGJHDQGLQFOXVLYH
SURFHGXUHVDQGPHWKRGVIRUGHFLVLRQPDNLQJ
5HVRXUFHDELOLW\ (QVXULQJWHDPVPHPEHUVDQGZRUNLVPDQDJHGWRVXSSRUWWKHGHVLJQSURFHVV
ZLWKWKHUHTXLUHGVNLOOVDQGNQRZOHGJH(QVXULQJFDSWXUHGNQRZOHGJHDUH
HIIHFWLYHO\PDQDJHGVRWHDPPHPEHUVDUHEHVWLQIRUPHG

&6&' WHFKQRORJLHV HQDEOH FRPPXQLFDWLRQ FKDQQHOV WR VXSSRUW DUWHIDFW PHGLDWHG FRPPXQLFDWLRQ
IHHGEDFN PHFKDQLVPV DQG VRFLDO FRPPXQLFDWLRQ 7KHVH DUH DSSURDFKHV WR FRPPXQLFDWH ZKLFK
VXSSRUWWKHEXLOWUHODWLRQVKLSVEHWZHHQWHDPPHPEHUV$UWHIDFWPHGLDWHGFRPPXQLFDWLRQDUHKLJK
TXDOLW\GLJLWDOUHSUHVHQWDWLRQVRISK\VLFDOZRUNDQGLGHDVVXFKDVLPDJHV7KH\RIIHUGHVLJQWHDPVWKH
DELOLW\ WR HODERUDWH RQ WH[WEDVHG FRPPXQLFDWLRQ IRU HQKDQFHG FRPPXQLFDWLRQ DQG XQGHUVWDQGLQJ
9\DVHWDOE9\DVHWDO+HUUPDQQHWDO*RSVLOOHWDO)HHGEDFNIURP
VWDNHKROGHUV LV FUXFLDO WR WKH GHVLJQ SURFHVV LQFOXGLQJ WKH DELOLW\ WR YLHZ DQG UHVSRQG WR SDVW
FRPPXQLFDWLRQVXSSRUWLQJUHIOHFWLRQRQZRUN)UXFKWHUHWDO=KHQJDQG)HQJ*RSVLOO
HWDO6KHQHWDO6RFLDOFRPPXQLFDWLRQHQFRXUDJHVWHDPV\QHUJ\NQRZOHGJHVKDULQJ
DQGVHUHQGLSLWRXVFRPPXQLFDWLRQE\VXSSRUWLQJQHWZRUNLQJZLWKLQDQGRXWVLGHWKHFRUHGHVLJQWHDP
DQGHQDEOLQJWHDPPHPEHUVWREXLOGWKHLULQWHUSHUVRQDODQGQHJRWLDWLRQVNLOOV9\DVHWDOE;LH
HWDO$QWXQHVHWDO,DFRE:DQJVDHWDO9\DVHWDO%LWWQHUDQG
/HLPHLVWHU5DSDQWDHWDO&KRDQG&KR%RUVDWRDQG3HUX]]LQL
&6&'WHFKQRORJLHVWDNHPDQ\GLIIHUHQWIRUPVRIFROODERUDWLYHHQYLURQPHQWLQFOXGLQJFROORFDWHG
GLVWULEXWHG UHDOZRUOG DQG GLJLWDO HQYLURQPHQWV WR VXSSRUW DFFHVV DQG LQWHJUDWLRQ LQWR WKH
FRPSDQ\¶VGHVLJQSURFHVV7HFKQRORJLHVKDYH WKHSRWHQWLDO WRRYHUFRPHERXQGDULHVRIDFFHVV WR
HDVLO\YLHZDQGHGLWILOHVIUHHO\,DFRE:DQJVDHWDO+HUUPDQQHWDO3DYNRYLü
HW DO  ,QWHJUDWLQJ FROODERUDWLYH WHFKQRORJLHV ZLWK VWDQGDUGLVHG SURFHGXUHV DQG SROLFLHV
HQDEOH WHDPV WR DVVXPH FOHDU UROHV DQG UHVSRQVLELOLWLHV UHGXFH WKH VHQVH RI ODFN RI FRQWURO DQG
RSWLPLVHWHDPQHJRWLDWLRQF\FOHV;LHHWDO,DFRE:DQJVDHWDO%LWWQHUDQG
/HLPHLVWHU*RSVLOOHWDO3DYNRYLüHWDO5DSDQWDHWDO&KRDQG&KR
6KHQHWDO
&6&'WHFKQRORJLHVHQDEOHFRQVLGHUDWLRQDQGVXSSRUW IRU WHDPPHPEHUVKLSFKDUDFWHULVWLFV DQG WKH
LQWHUWHDP UHODWLRQVKLSV 7KH EDUULHUV RI SK\VLFDO SUR[LPLW\ FXOWXUDO XQGHUVWDQGLQJ GLIIHUHQW
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ODQJXDJHVDQGGLIIHUHQWWLPH]RQHVFDQEHVXSSRUWHGZLWKFROODERUDWLYHWHFKQRORJLHVDQGHQDEOHVD
JUHDWHUDZDUHQHVVRIFRPPXQLW\DQGHQYLURQPHQWDO LVVXHV+LUOHKHLDQG+XQJHU:DQJVDHW
DO  %LWWQHU DQG /HLPHLVWHU  5DSDQWD HW DO  0RWLYDWLRQ WKURXJK VRFLDO
LQFHQWLYLVDWLRQSRVLWLYHUHLQIRUFHPHQWJDPLILFDWLRQDQGHQFRXUDJLQJJRRGPRUDOHFDQEHVXSSRUWHG
E\FROODERUDWLYHWHFKQRORJLHVWRHQVXUHORQJVXVWDLQHGLQWHUHVWLQWKHSURMHFW)UXFKWHUHWDO
$QWXQHVHWDO%LWWQHUDQG/HLPHLVWHU+HUUPDQQHWDO5DSDQWDHWDOYDQ
'LMN DQG YDQ GHU /XJW  )UHQFK HW DO  6KDUHG XQGHUVWDQGLQJ FDQ EH HQDEOHG E\
FROODERUDWLYHWHFKQRORJLHVWKURXJKGHILQLQJDQGIUDPLQJFRQYHUVDWLRQVLQDFRPPRQFRQWH[WWKURXJK
VKDUHGSHUYDVLYHHQYLURQPHQWVZKLFKPDNHLWHDV\WRXQGHUVWDQGLQIRUPDWLRQFODULI\PHDQLQJDQG
UHGXFHPLVFRPPXQLFDWLRQV)UXFKWHUHWDO;LHHWDO$QWXQHVHWDO+LUOHKHLDQG
+XQJHU:DQJVDHWDO*RSVLOOHWDO/XFN&KRDQG&KR/LXHWDO
 %RUVDWR DQG 3HUX]]LQL  &RRSHUDWLRQ FDQ EH HQDEOHG E\ FROODERUDWLYH WHFKQRORJLHV
WKURXJKHQDEOLQJ D FRQVWDQW FRQQHFWLRQ DQG LQFUHDVHG DZDUHQHVV WR HQFRXUDJH HTXDO SDUWLFLSDWLRQ
DQWLFLSDWLRQ RI SURMHFW QHHGV VXSSRUWLQJ GHVLJQ DFWLYLWLHV DQG RSSRUWXQLWLHV IRU SHHU OHDUQLQJ
%HQRONHQ HW DO  9\DV HW DO E ;LH HW DO  ,DFRE  +HUUPDQQ HW DO 
3DYNRYLüHWDO5DSDQWDHWDO&KRDQG&KR/LXHWDO%RUVDWRHWDO
6KHQ HW DO  )UHQFK HW DO  7UXVW FDQ EH HQFRXUDJHG E\ FROODERUDWLYH WHFKQRORJLHV WR
VXSSRUWFRQIOLFWUHVROXWLRQWKURXJKLQFUHDVHGDFFXUDF\DQGFODULW\RIFRPPXQLFDWLRQEHWZHHQWHDP
PHPEHUV;LHHWDO:DQJVDHWDO3DYNRYLüHWDO5DSDQWDHWDO)UHQFKHW
DO
&6&' WHFKQRORJLHV PXVW EH FRPSDWLEOH ZLWK H[LVWLQJ SURFHVV DQG VWUXFWXUH UHVWULFWLRQV RI D WHDP
DQGRU RUJDQLVDWLRQ ,QFOXGLQJ PHFKDQLVPV IRU GHFLVLRQ PDNLQJ VXSSRUW NQRZOHGJH FDSWXUH DQG
REMHFWLYHIRFXVHGFRPPXQLFDWLRQ'HFLVLRQPDNLQJFDQEHVXSSRUWHGWKURXJKLQFUHDVHGRSSRUWXQLWLHV
WRH[SUHVVRSLQLRQVRQOLQHHQDEOLQJWHDPPHPEHUVWRGHYHORSQHJRWLDWLRQVNLOOVDQGFRQFHSWUDQNLQJ
IXQFWLRQDOLW\)UXFKWHUHWDO,DFRE&KRDQG&KR6KHQHWDO)UHQFKHWDO
.QRZOHGJHFDSWXUHLVVXSSRUWHGWKURXJKWKHUHFRUGLQJRISK\VLFDOLQIRUPDWLRQGHFLVLRQVDQG
DUWHIDFWVWRGRFXPHQWWKHGHFLVLRQPDNLQJSURFHVV)UXFKWHUHWDO,DFRE+DQVHQDQG
'DOVJDDUG9\DVHWDO*RSVLOOHWDO3URGXFWLYLW\FDQEHHQDEOHGE\FROODERUDWLYH
WHFKQRORJLHV WKURXJK IDVW REMHFWLYH IRFXVHG FRPPXQLFDWLRQ RUJDQLVDWLRQ RI ZRUN UHIOHFWLRQ RQ
FRPSOHWHG ZRUN DQG D JUHDWHU TXDQWLW\ RI RXWSXW WR SURPRWH FROODERUDWLRQ UHDGLQHVV DQG UHGXFHG
UHZRUNWLPH*HULFNHHWDO;LHHWDO+LUOHKHLDQG+XQJHU:DQJVDHWDO
+DQVHQ DQG 'DOVJDDUG  %LWWQHU DQG /HLPHLVWHU *RSVLOO HW DO  +HUUPDQQ HW DO
YDQ'LMNDQGYDQGHU/XJW&KRDQG&KR-LQJKXDHWDO6KHQHWDO
)UHQFKHWDO
&6&'WHFKQRORJLHVVXSSRUWWHDPZRUNWKURXJKZLGHQHGUHVRXUFHDELOLW\7KURXJKJUHDWHUDFFHVVLELOLW\
FRRUGLQDWLRQ LQQRYDWLYH WKLQNLQJ DQG NQRZOHGJH PDQDJHPHQW RSSRUWXQLWLHV &ROODERUDWLYH
WHFKQRORJLHV FDQ VXSSRUW FRPSHWHQF\ WKURXJK LQFUHDVHG DFFHVVLELOLW\ RI WHDP VNLOOV DQG H[SHULHQFH
UHGXFWLRQRIXQQHFHVVDU\ LQIRUPDWLRQDQGFRPSOHWHQHVVRIPHVVDJHV ;LHHWDO+LUOHKHLDQG
+XQJHU%LWWQHUDQG/HLPHLVWHU*RSVLOOHWDO&KRDQG&KR&RRUGLQDWLRQ
FDQ EH VXSSRUWHG E\ D VKDUHG VSDFH IRU RUJDQLVDWLRQ RI ZRUN DQG HDVH RI FRPPXQLFDWLRQ HDV\
PHFKDQLVPV IRU VFKHGXOLQJPHHWLQJVDQG VXSSRUWLQJ WKHHYHQGLVWULEXWLRQRIZRUN %HQRONHQHW DO
)UXFKWHUHWDO;LHHWDO,DFRE:DQJVDHWDO+DQVHQDQG'DOVJDDUG
+RUYiWK%LWWQHUDQG/HLPHLVWHU*RSVLOOHWDO3DYNRYLüHWDO5DSDQWD
HWDO-LQJKXDHWDO%RUVDWRDQG3HUX]]LQL ,QQRYDWLYH WKLQNLQJ LV VXSSRUWHGE\
HQDEOLQJDJLOHV\VWHPVWRVXSSRUWH[SORUDWLRQFUHDWLYLW\DQGTXDOLW\RIRXWSXWV.QRZOHGJHPDQDJHPHQW
LV HQDEOHG WKURXJK RUJDQLVDWLRQ RI LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WKH DELOLW\ WR HDVLO\ VHDUFK DQG
UHWULHYHNQRZOHGJHDQGDXWRQRP\LQWKHGLVWULEXWLRQRINQRZOHGJH;LHHWDO$QWXQHVHWDO
 ,DFRE  +RUYiWK  *RSVLOO HW DO  3DYNRYLü HW DO  6KHQ HW DO 
&RPSOH[LW\LQVKDULQJGDWDFDQEHUHGXFHGWKURXJKLQWHJUDWLRQZLWKGDWDVWRUDJHV\VWHPVUHGXFHGILOH
FRPSDWLELOLW\LVVXHVDQGV\QFKURQRXVOLYHGRFXPHQWZRUNLQJZLWKDXWRPDWHGWUDFNLQJDQGYHUVLRQLQJ
WRHQDEOHFRFUHDWLRQRIGRFXPHQWVDQG&RPPXQLFDWLRQFDQEHHQKDQFHGWKURXJKV\QFKURQRXVPXOWL
WKUHDGHGDQGPXOWLFKDQQHOVRIWZDUHIRUSURPSWGLVFXVVLRQLQDZD\ZKLFKVXSSRUWVWKHFRQWH[WRIWKH
PHVVDJH%HQRONHQHWDO)UXFKWHUHWDO*HULFNHHWDO9\DVHWDOE9\DVHW
198 DESIGN SUPPORT TOOLS
DOD$QWXQHVHWDO,DFRE+DQVHQDQG'DOVJDDUG+RUYiWK9\DVHWDO
=KHQJDQG)HQJ%LWWQHUDQG/HLPHLVWHU*RSVLOOHWDO+HUUPDQQHWDO
3DYNRYLüHWDO5DSDQWDHWDO/LXHWDO%RUVDWRDQG3HUX]]LQL6KHQHWDO
)UHQFKHWDO
3.2.1. Influence of the factors 
'XULQJWKHFDWHJRULVDWLRQSURFHVVWKHLQGLYLGXDO&6&'IDFWRUVZHUHFRGHGIRUSRVLWLYHDQGQHJDWLYH
LQIOXHQFHDQGZKHWKHUWKH\RULJLQDWHGIURPDKXPDQRUWHFKQRORJLFDOSURFHVV,WHPHUJHGWKDWDOO&6&'
IDFWRUVKDYH DELQDU\ LQIOXHQFH HLWKHUSRVLWLYHO\RUQHJDWLYHO\DIIHFWLQJ WKHRXWFRPHVRI WKHGHVLJQ
DFWLYLW\)RUH[DPSOHLIDWHDPPHPEHULVPRWLYDWHGWRWDNHSDUWLQDGHVLJQDFWLYLW\WKLVFDQKDYHD
SRVLWLYH HIIHFW RQ WKH RXWFRPHV RI WKH GHVLJQ DFWLYLW\ )UHQFK HW DO  DQG YLFH YHUVD IRU D
GHPRWLYDWHGWHDPPHPEHU
&6&' UHVHDUFK UHSUHVHQWV ERWK IDFWRUV RI KXPDQ LQWHUDFWLRQ DQG FRPSXWHU LQWHUDFWLRQ WR IDFLOLWDWH
FROODERUDWLYHGHVLJQ7RXQGHUVWDQGLIWKLVWKHRU\FRXOGEHDSSOLHGWRWKHPRGHOWKH&6&'IDFWRUV
ZHUHIXUWKHUFDWHJRULVHGWRXQGHUVWDQGLIWKH\GHULYHIURPDKXPDQIDFWRUDWHFKQRORJLFDOIDFWRURUERWK
+XPDQIDFWRUVDUHWKRVHWKDWKDYHEHHQWULJJHUHGE\DKXPDQDFWLRQUHDFWLRQRULQDFWLRQ7KLVLQFOXGHV
IRU H[DPSOH ZKHWKHU D WHDP PHPEHU LV DFWLYH LQ SURMHFW ZRUN LI D WHDP PHPEHU LV FOHDU LQ WKHLU
FRPPXQLFDWLRQDQGWKHLUDELOLW\WRDOLJQZLWKWKHFRQVHQVXVRIDJURXS$WHFKQRORJLFDOIDFWRULVRQH
FDXVHGE\WKHDELOLW\RULQDELOLW\RIDWHFKQRORJ\ZKLFKFDQDFWHLWKHUDVH[SHFWHGRUXQH[SHFWHGIRU
H[DPSOHLIWKHWHFKQRORJ\HQDEOHVHDVHRIVKDULQJLWFDQVXSSRUWFROODERUDWLRQ,IDWHFKQRORJ\GRHVQRW
LWFDQKLQGHUFROODERUDWLRQ6LPLODUO\LIDWHFKQRORJ\GRHVQRWDFWLQWKHZD\LWLVH[SHFWHGWKLVPLJKW
DOVRKLQGHUWKHFROODERUDWLRQ
2IWKH&6&'IDFWRUVZHUHFDWHJRULVHGDVEHLQJERWKKXPDQDQGWHFKQRORJLFDOIDFWRUVZHUH
FDWHJRULVHGDVVROHO\KXPDQIDFWRUVDQGZHUHFDWHJRULVHGDVVROHO\WHFKQRORJLFDOIDFWRUV$SSO\LQJ
WKLV ORJLF WR WKHGHYHORSPHQWRI WKHPRGHO LW
V LPSRUWDQW WR LQYHVWLJDWHKRZDFKDQJH LQ WKH&6&'
IDFWRUVLQIOXHQFHWKHFRPSRQHQWVRIWKHPRGHODQGWKHGHVLJQDFWLYLW\LWVHOI7KLVFDWHJRULVDWLRQZDV
FRQGXFWHGE\RQHUHVHDUFKHUDQGFKHFNHGE\WZRRWKHUV,WLVLPSRUWDQWEHIRUHWKHILQGLQJVDUHXWLOLVHG
IXUWKHUWKDWDZLGHUDXGLHQFHYDOLGDWHWKHFDWHJRULVDWLRQ
0RGHOOLQJWKHUHODWLRQVKLS
,Q GHYHORSLQJ WKH PRGHO WKUHH LQYHVWLJDWLRQV ZHUH FRQGXFWHG WKH UHODWLRQVKLS EHWZHHQ WKH &6&'
IDFWRUVDQGWKHFRPSRQHQWVRIWKHH[LVWLQJPRGHOWKHLQIOXHQFHRISRVLWLYHDQGQHJDWLYH&6&'IDFWRUV
DQGWKHLQIOXHQFHRIKXPDQDQGWHFKQRORJLFDOIDFWRUV'XII\+DIIH\DQG%R\OHHWDO
 VWDWHG WKDW LQSXW NQRZOHGJH LV WUDQVIRUPHG LQWR RXWSXW NQRZOHGJH WKURXJK WKH SURFHVV RI
FRQGXFWLQJDGHVLJQDFWLYLW\2XWSXWNQRZOHGJHWKHUHIRUHFDQQRWEHGLUHFWO\DIIHFWHGE\DFKDQJHLQ
WKH&6&'IDFWRUV7KHJRDOUHSUHVHQWVWKHGHVLUHGFKDQJHLQNQRZOHGJHWKLVPLJKWEHDQHHGRIWKH
SURMHFWRUDUHTXLUHPHQW7KHJRDOLWVHOILVQRWLQIOXHQFHGE\WKH&6&'IDFWRUVDVWKHJRDOUHPDLQVWKH
VDPHUHJDUGOHVVRIWKHLQIOXHQFLQJIDFWRUV:KDWUHPDLQVLVWRH[SORUHLIWKHUHLVDUHODWLRQVKLSEHWZHHQ
WKH&6&'IDFWRUVDQGWKHLQSXWNQRZOHGJHRUWKHUHVRXUFHV
7KH LQSXW NQRZOHGJH LV WKH LQIRUPDWLRQ ZKLFK H[LVWV DQG LV WUDQVIRUPHG E\ FRQGXFWLQJ WKH GHVLJQ
DFWLYLW\DOVRNQRZQDVWKHSURMHFWNQRZOHGJH,IWKLVNQRZOHGJHFDQQRWEHDFFHVVHGFRPSOHWHO\RULV
QRWWUDQVIHUUHGLQIXOOWKLVFDQKDYHDQLQIOXHQFHRQWKHGHVLJQDFWLYLW\7DEOHJLYHVH[DPSOHVIRUHDFK
FDWHJRU\ RI KRZ WKH &6&' IDFWRUV DIIHFW WKH DYDLODELOLW\ RI LQSXW NQRZOHGJH EDVHG RQ KXPDQ DQG
WHFKQRORJ\LQIOXHQFHV$PL[WXUHRISRVLWLYHDQGQHJDWLYHH[DPSOHVKDVEHHQJLYHQ
5HVRXUFHFRQWULEXWHWRZDUGVDFKDQJHIURPLQSXWNQRZOHGJHWRRXWSXWNQRZOHGJH,IDWHDPPHPEHU
QHFHVVDU\ WR WKH SURFHVV LV QRW DYDLODEOH WR FRQWULEXWH WR WKLV FKDQJH RI NQRZOHGJH VXFFHVVIXO
FROODERUDWLRQFDQQRWEHFRPSHWHQWO\DFKLHYHG,WLV LPSRUWDQWWRQRWHWKDW WKLVFKDQJHPD\RFFXU
SRVLWLYHO\RUQHJDWLYHO\$GGLWLRQDOO\WKHLQIOXHQFHRIWKH&6&'IDFWRUVRQWKHUHVRXUFHVDSSHDUV
WREHOLQNHGZLWKZKHWKHUWKH&6&'IDFWRULVDUHVXOWRIDKXPDQRUWHFKQRORJLFDOLPSDFW7DEOH
JLYHV H[DPSOHV IRU HDFK FDWHJRU\ RI KRZ WKH &6&' IDFWRUV DIIHFW WKH DYDLODELOLW\ RI LQSXW
NQRZOHGJHEDVHGRQKXPDQDQGWHFKQRORJ\LQIOXHQFHV$PL[WXUHRISRVLWLYHDQGQHJDWLYHH[DPSOHV
KDVEHHQJLYHQ
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7DEOH ([DPSOHVRIKRZWKHKXPDQDQGWHFKQRORJLFDOLQIOXHQFHLQSXWNQRZOHGJH
&DWHJRU\ ([DPSOHRIKXPDQLQIOXHQFHRQWKH
LQSXWNQRZOHGJH
([DPSOHRIWHFKQRORJLFDOLQIOXHQFHRQWKH
LQSXWNQRZOHGJH
&RPPXQLFDWLRQ
FKDQQHOV
,IDWHDPPHPEHUGRHVQRWIXOO\
GRFXPHQWWKHLURSLQLRQVDQGUDWLRQDOHLW
PD\QRWEHLQFOXGHGLQIXWXUHGHVLJQ
DFWLYLWLHV
,IDWHFKQRORJ\GRHVQRWDOORZIRUWKH
GRFXPHQWDWLRQRIRSLQLRQVDQGUDWLRQDOHVXFK
DVQRWDOORZLQJHOHFWURQLFUHIHUHQFHLWPD\
QRWEHLQFOXGHGLQIXWXUHGHVLJQDFWLYLWLHV
&ROODERUDWLYH
HQYLURQPHQW
,IWKHRUJDQLVDWLRQDOFXOWXUHGRHVQRW
HQFRXUDJHFROODERUDWLRQWHDPPHPEHUV
PD\QRWEHDZDUHRINQRZOHGJHZKLFK
H[LVW
,IWHFKQRORJLHVGRQRWLQFOXGHIXQFWLRQDOLW\WR
UHTXHVWDFFHVVWRLQIRUPDWLRQWKHFROODERUDWLYH
HQYLURQPHQWLVEORFNHGDQGUHVWULFWV
NQRZOHGJHVKDULQJ
7HDP
PHPEHUVKLS
FKDUDFWHULVWLFV
,IWHDPPHPEHUVGRQRWFRPPXQLFDWHRQ
DFRPPRQXQGHUVWDQGLQJWKH\PD\
PLVFRPPXQLFDWHLQVWUXFWLRQVUHVWULFWLQJ
WKHDYDLODELOLW\RILQSXWNQRZOHGJH
,IWHFKQRORJLHVGRQRWPDNHWHDPPHPEHUV
DZDUHRIHDFKRWKHU
VZRUNWKH\PLJKWQRWEH
XSWRGDWHZLWKWKHODWHVWNQRZOHGJHDYDLODEOH
WRFRPSOHWHGHVLJQDFWLYLWLHV
3URFHVVDQG
VWUXFWXUH
,IWKHWHDPXVHVNQRZOHGJHFDSWXUH
SURFHGXUHVWRVXFFHVVIXOO\FDSWXUH
UDWLRQDOHWKHWHDPFDQUHXVHWKLV
NQRZOHGJHLQGHVLJQDFWLYLWLHV
,INQRZOHGJHFDSWXUHWHFKQRORJLHVDUH
XQDYDLODEOHWRDWHDPDOODYDLODEOHNQRZOHGJH
PD\QRWEHXWLOLVHGE\WKHWHDPGXULQJGHVLJQ
DFWLYLWLHV
5HVRXUFH
DELOLW\
,IWHDPPHPEHUVPDQDJHLQIRUPDWLRQLQD
VHQVLEOHZD\WKH\ZLOOEHDEOHWRVHDUFK
DQGILQGWKHUHTXLUHGNQRZOHGJHIRU
GHVLJQDFWLYLWLHV
,IV\QFKURQRXVGRFXPHQWHGLWLQJWHFKQRORJLHV
DUHXWLOLVHGWKHWHDPZLOOKDYHWKHODWHVW
NQRZOHGJHWRLQFOXGHLQGHVLJQDFWLYLWLHV
7DEOH ([DPSOHVRIKRZWKHKXPDQDQGWHFKQRORJLFDOLQIOXHQFHUHVRXUFHV
&DWHJRU\ ([DPSOHRIKXPDQLQIOXHQFHRQWKH
UHVRXUFHV
([DPSOHRIWHFKQRORJLFDOLQIOXHQFHRQ
WKHUHVRXUFHV
&RPPXQLFDWLRQ
FKDQQHOV
*UHDWHUVRFLDOFRPPXQLFDWLRQFDQOHDGWR
QHWZRUNLQJDOORZLQJIRUDJUHDWHUQXPEHURI
UHVRXUFHVWREHLQYROYHGLQWKHGHVLJQ
SURFHVV
$IHHGEDFNPHFKDQLVPFDQDOORZIRU
VWDNHKROGHUIHHGEDFNWRSURYRNH
UHIOHFWLRQ
&ROODERUDWLYH
HQYLURQPHQW
+DYLQJWKHIUHHGRPWRFROODERUDWHZLWK
ZKRHYHULVUHTXLUHGIRUDSURMHFWDOORZVIRU
DQLQFUHDVHGUHVRXUFHRIVNLOOV
7HFKQRORJ\FDQHQDEOHDFFHVVWRUHVRXUFHV
WKURXJKRQOLQHFROODERUDWLYHHQYLURQPHQWV
ZKHQHYHUUHTXLUHGWRVXSSRUWDGHVLJQ
DFWLYLW\
7HDP
PHPEHUVKLS
FKDUDFWHULVWLFV
&XOWXUDOEDUULHUVFDQUHGXFHDZDUHQHVVRI
JOREDOLVVXHVZKLFKPD\QRWDOORZDWHDPWR
LGHQWLI\DORFDOVROXWLRQGXULQJGHVLJQ
DFWLYLWLHV
,IWHFKQRORJ\GRHVQRWVXSSRUWWKH
FRQWH[WXDOLVDWLRQRIDGHVLJQVROXWLRQD
WHDPPHPEHUPD\QRWIXOO\XQGHUVWDQGWKH
LQIRUPDWLRQSUHVHQWHGWRWKHP
3URFHVVDQG
VWUXFWXUH
,IWHDPVGRQRWHPSOR\RSSRUWXQLWLHVWR
VKDUHRSLQLRQVDQGPDNHGHFLVLRQVWHDP
PHPEHUVPD\QRWEHDEOHWRXWLOLVH
LQIRUPDWLRQLQGHVLJQDFWLYLWLHV
,IWHDPVGRQRWKDYHDFFHVVWR
IXQFWLRQDOLW\ZKLFKDOORZVWKHPWR
V\VWHPDWLFDOO\VKDUHWKHLURSLQLRQVVXFKDV
DYRWLQJPHFKDQLVPWKHUHVXOWVRIWKH
WHDP
VRSLQLRQVPD\QRWEHIXOO\WDNHQLQWR
FRQVLGHUDWLRQGXULQJGHVLJQDFWLYLWLHV
5HVRXUFHDELOLW\ 7HDPPHPEHUVZKRDUHVXSSRUWHGWKURXJK
WHFKQRORJ\WRH[SORUHDUDQJHRIVROXWLRQV
FDQEXLOGDJUHDWHUNQRZOHGJHRIKRZD
SUREOHPFDQEHVROYHG
'DWDVWRUDJHWHFKQRORJ\ZKLFKLVHDV\WR
DFFHVVDQGUHIOHFWLRQHQDEOHVWHDPVWR
XWLOLVHSDVWNQRZOHGJHLQGHVLJQDFWLYLWLHV

7KLVQHZNQRZOHGJHRQKRZWKH&6&'IDFWRUVLQIOXHQFHWKHUHVRXUFHVDQGLQSXWNQRZOHGJHZDVWKHQ
DSSOLHG WR WKH ( GHVLJQ DFWLYLW\ PRGHO ,Q )LJXUH  WKH ILYH &6&' IDFWRU FDWHJRULHV RQ WKH OHIW
JHQHUDWHGDVSDUWRIWKHPDSSLQJDFWLYLW\DUHYLVXDOO\UHSUHVHQWHGLPSDFWLQJWKHUHVRXUFHVDQGWKHLQSXW
NQRZOHGJH,QSXWNQRZOHGJHDQGUHVRXUFHVUHPDLQWKHVDPHDVWKHLQSXWVWRWKHRULJLQDOPRGHO,WLV
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LPSRUWDQWWRQRWHWKDWWKH&6&'IDFWRUVGRQRWGLUHFWO\DIIHFWWKHDFWLYLW\JRDORUWKHRXWSXWNQRZOHGJH
DVGLVFXVVHGSUHYLRXVO\LQWKLVVHFWLRQ

)LJXUH (GHVLJQDFWLYLW\PRGHOZLWK&6&'IDFWRUVDQGWKHLUHIIHFWRQHIIHFWLYHQHVV
DQGHIILFLHQF\
7KH&6&'IDFWRUVZKLFKLQIOXHQFHWKHDYDLODELOLW\RIUHVRXUFHVDQGLQSXWNQRZOHGJHDUHVKRZQWRDOVR
KDYHDQLPSDFWRQWKHHIILFLHQF\RIWKHGHVLJQDFWLYLW\EXWDVWKHJRDOLVQRWDIIHFWHGWKHHIIHFWLYHQHVV
RIWKHGHVLJQDFWLYLW\LVQRWLQIOXHQFHGE\&6&'IDFWRUV$VGLVFXVVHGEHIRUHWKH&6&'IDFWRUVFDQ
SRVLWLYHO\DQGQHJDWLYHO\LPSDFWWKHUHVRXUFHVDYDLODEOHZKLFKFRXOGLQWXUQDIIHFWWKHHIILFLHQF\RI
WKH GHVLJQ DFWLYLW\ )RU H[DPSOH LI VRFLDO FRPPXQLFDWLRQ LV QRW VXSSRUWHG WKHQ DZDUHQHVV FDQ EH
UHVWULFWHGDQGWKHFRUUHFWWHDPPHPEHUVPD\QRWEHLQFOXGHGLQWKHGHVLJQDFWLYLW\ZKLFKDIIHFWVWKH
UHVRXUFHVDYDLODEOH7KLVFDQH[WHQG WKH WLPHUHTXLUHG WRFRQGXFW WKHGHVLJQDFWLYLW\DQG UHGXFH WKH
HIILFLHQF\RIWKHGHVLJQDFWLYLW\,I&6&'WHFKQRORJLHVGRQRWDOORZHDV\DFFHVVWRGRFXPHQWVWKHQWKH
UHVRXUFHV DYDLODEOH WR WKHGHVLJQ WHDPGXULQJ WKHGHVLJQDFWLYLW\ZLOOEHDIIHFWHG7KLVFDQ UHVXOW LQ
NQRZOHGJHQRWEHLQJ DYDLODEOH WR WKH WHDP LQFUHDVLQJ UHZRUNDIIHFWLQJ WKH HIILFLHQF\RI WKHGHVLJQ
DFWLYLW\7RVXPPDULVHWKHIXOOPRGHO&6&'IDFWRUVFDQDIIHFWWKHLQSXWNQRZOHGJHRUWKHUHVRXUFHVRI
WKHGHVLJQDFWLYLW\&6&'IDFWRUVFDQEHKXPDQRUWHFKQRORJLFDOLQQDWXUHDQGWKHHIILFLHQF\RIWKH
GHVLJQDFWLYLW\LVDIIHFWHGSRVLWLYHO\RUQHJDWLYHO\GHSHQGLQJRQWKHQDWXUHRIWKHIDFWRU
'LVFXVVLRQ
7KH GHYHORSHG PRGHO GHILQHV WKH ZD\ LQ ZKLFK &6&' IDFWRUV LQIOXHQFH GHVLJQ DFWLYLW\ 7KH
LGHQWLILFDWLRQWKDWWKHUHVRXUFHVDQGLQSXWNQRZOHGJHDUHDIIHFWHGPDNHLWSRVVLEOHWRVWXG\WKHSRVLWLYH
DQGQHJDWLYHHIIHFWVRIWKHIDFWRUVZLWKLQD&6&'FRQWH[W7KLVEHFRPHVVLJQLILFDQWZKHQWKHPRGHO
LWVHOIFDQEHXWLOLVHGSUDFWLFDOO\WRXQGHUVWDQGHQDEOHUVDQGEDUULHUVWRHQJLQHHULQJGHVLJQWHDPZRUN
$VLGHQWLILHGLQWKHPRGHOWKHSRVLWLYHRUQHJDWLYHHIIHFWRIWKH&6&'IDFWRUVFDQEHXVHGWRXQGHUVWDQG
DQG LPSURYH WKH HIILFLHQF\ RI GHVLJQ DFWLYLWLHV (QVXULQJ WKDW WKH UHTXLUHG UHVRXUFHV DQG LQSXW
NQRZOHGJHDUHDYDLODEOHFRQWULEXWHV WRZDUGVDVXFFHVVIXOGHVLJQDFWLYLW\ ,PSURYLQJHIILFLHQF\LVDQ
LPSRUWDQWFRQVLGHUDWLRQWRGULYHLQGXVWU\DVLGHQWLILHGLQSURFHVVHVRI%,06KHQHWDO3/0
'RXPLWHWDO3'0&KXDQG&KDQDQG&6&'/LHWDO
,PSURYLQJ HIILFLHQF\EHFRPHV SUDFWLFDOO\XVHIXO IRU PDQDJHUV ZKHQ WKHNQRZOHGJH RI WKH PRGHO LV
UHYHUVHGWRHQDEOHWKHLGHQWLILFDWLRQRI&6&'IDFWRUVIURPHIILFLHQF\SUREOHPV+DYLQJWKHNQRZOHGJH
HQDEOHVDQDZDUHQHVVRIKRZ WHDPZRUN LVVXHV HLWKHUKXPDQRU WHFKQRORJLFDOPD\EH LPSURYHGE\
WXUQLQJ D QHJDWLYH LQWR D SRVLWLYH ,Q DGGLWLRQ WKH PRGHO KDV WKH SRWHQWLDO WR HQDEOH DQ HIILFLHQF\
PHDVXUHPHQW,IWKHFRUUHFWUHVRXUFHVRUNQRZOHGJHDUHQRWDYDLODEOHDQGWKHUHTXLUHGHIIHFWLYHQHVVRI
WKH GHVLJQ DFWLYLW\ LV QRW PHW D GHFLVLRQ FDQ EH PDGH WR SHUIRUP WKH GHVLJQ DFWLYLW\ ZLWK OLPLWHG
UHVRXUFHVDQGNQRZOHGJHRUPHWKRGVIRULPSURYLQJWKHHIILFLHQF\FDQEHLPSOHPHQWHG7KLVFRXOGEH
DFKLHYHGWKURXJKWKHGHYHORSPHQWRILQGLYLGXDOPHWULFVZLWKLQWKHILYHFDWHJRULHV
7KLV NQRZOHGJH FRXOG EH GHYHORSHG LQWR VRIWZDUH WR DOORZ GHVLJQ PDQDJHUV DQG IDFLOLWDWRUV WR
XQGHUVWDQGWKHZHDNQHVVHVLQWKHHIILFLHQF\RIWKHLUGHVLJQSURFHVVZLWKUHVSHFWWRWKH&6&'IDFWRUV
ZKLFKZRXOGPDNHWKLVNQRZOHGJHVLPSOHDQGFRXOGLQFOXGHUDWLRQDOHIRULPSURYHPHQW
7KH&6&'IDFWRUVH[LVWZLWKLQWKHSDUDPHWHUVRIWKLVUHVHDUFKDQGWKHQWKHSDUDPHWHUVRIWKHV\VWHPDWLF
OLWHUDWXUHUHYLHZ'HWDLOVDUHOLVWHGLQWKHPHWKRGRORJ\+RZHYHU LWFDQQRWEHVDLGWKDWRWKHU&6&'
IDFWRUV H[LVW ZKLFK ZHUH QRW FROOHFWHG E\ WKH V\VWHPDWLF OLWHUDWXUH UHYLHZ HLWKHU EHFDXVH WKH\ H[LVW
RXWVLGHWKHSDUDPHWHUVRUWKH\KDYHQHYHUEHHQVWXGLHGDQGUHSRUWHGLQWKHOLWHUDWXUH7KLVFRXOGRFFXU
DESIGN SUPPORT TOOLS 201
DVDODFNRIUHVHDUFKLQDQDUHDRUEHFDXVHRIDODFNRIFRRUGLQDWHGDSSURDFKDFURVVGLVFLSOLQHV)XUWKHU
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UHVHDUFKHUVLQVWLWXWLRQVDQGLQGXVWU\
7KHLQLWLDO(GHVLJQDFWLYLW\PRGHOZDVGHYHORSHGEDVHGRQDGHVLJQFRRUGLQDWLRQIUDPHZRUN7KLV
UHVHDUFKVKRZVKRZWKHPRGHOFDQEHXWLOLVHGWRGLVSOD\WKHUHODWLRQVKLSEHWZHHQDGHVLJQDFWLYLW\DQG
&6&'IDFWRUV ,WFRXOGEHEHQHILFLDO WRH[SORUHKRZWKH WHUPVRIFRPPXQLFDWLRQFRRSHUDWLRQHWF
PLJKWDOVREHQHILWIURPDPRUHGHWDLOHGLQFOXVLRQLQWKHPRGHOWRHQDEOHDJUHDWHUXQGHUVWDQGLQJRIDOO
FRPSRQHQWV7KLVVHFWLRQKDVGHWDLOHGWKHSRWHQWLDORIWKLVPRGHOLILWFDQEHYDOLGDWHGDQGHYDOXDWHG
7KHQH[WVWHSVIRUWKLVUHVHDUFKDUHWRIDFLOLWDWHWKLVSURFHVV7KHOLVWRI&6&'IDFWRUVLVLPSUDFWLFDO
WRXWLOLVHDQGQHHGWREHFRQGHQVHGLQVRPHZD\WRYHULI\WKHP&DWHJRULVDWLRQLVRQHZD\H[SORUHGLQ
WKLV SDSHU EXW WKH FRQWH[W RI WKH &6&' IDFWRUV KDV EHHQ ORVW ,QVWHDG LW PD\EH SRVVLEOH WR FUHDWH
VWDWHPHQWVZKLFKVXPPDULVHWKH&6&'IDFWRUVZLWKLQWKHFDWHJRULHV$VPDOOHUQXPEHURI&6&'IDFWRUV
ZLOOEHPRUHXVHIXOEXWRQO\LIWKHLGHDFRXOGEHUHWDLQHG7KLVZRXOGUHTXLUHWKHLQSXWRIH[SHUWVWR
HQVXUHWKHVWDWHPHQWVUHPDLQWUXHWRWKHRULJLQDO&6&'IDFWRUV
(YDOXDWLRQRIWKHPRGHOFRPHVLQWKHIRUPRILWVYDOXH,IWKHPRGHOFDQEHXWLOLVHGWRLGHQWLI\WKHKXPDQ
DQGWHFKQRORJLFDO&6&'IDFWRUVZKLFKSRVLWLYHO\LQIOXHQFHWKHGHVLJQDFWLYLW\WKH&6&'IDFWRUVFRXOG
EHOLQNHGWRWKHWHFKQRORJLHVWKHPVHOYHV%\HYDOXDWLQJWKH&6&'IDFWRUVDJDLQVWWKHDIIRUGDQFHVRI
&6&' WHFKQRORJLHV D WRRONLW FRXOG EH FUHDWHG ZKLFK IXOO\ VXSSRUW WKH UHTXLUHPHQWV RI HQJLQHHULQJ
GHVLJQWHDPV3/0VROXWLRQVUHTXLUHDIXOOFRPPLWPHQWRIWKHFRPSDQ\DQGHPSOR\HHVWRLPSOHPHQW
8WLOLVLQJDWRRONLWZRXOGDOORZPDQDJHUVWRVRXUFHDQGEXLOGWKHLUWHFKQRORJLFDOQHHGVIURPDERWWRP
XSDSSURDFKSRWHQWLDOO\UHGXFLQJFRVWDQGEHFRPLQJFXVWRPLVHGWRWKHFRPSDQLHVRUWKHSURMHFW
VQHHGV
,ILVVXHVRIFROODERUDWLRQDULVHWKHWKHRULHVRIWKHPRGHOFRXOGEHXWLOLVHGWRLGHQWLI\&6&'WHFKQRORJLHV
ZKLFK RIIHU D VROXWLRQ WR KXPDQ DQG WHFKQRORJLFDO LVVXHV )OH[LELOLW\ LQ WKH PRGHO DOORZV IRU QHZ
WHFKQRORJLHV WR EH LQWHJUDWHG DV WKH\ DUH GHYHORSHG DV QHHGV DUH GLVFRYHUHG 7R VXSSRUW WKLV DQ
HYDOXDWLRQ PDWUL[ ZLOO EH GHYHORSHG WR DOORZ WKH DIIRUGDQFHV IHDWXUHV DQG IXQFWLRQDOLW\ RI &6&'
WHFKQRORJLHVWREHWHVWHGDQGHYDOXDWHG7KHSURFHVVLWVHOIPXVWEHYDOLGDWHGLQWKHRU\DQGHYDOXDWHG
ZLWKH[SHULPHQWDWLRQFDVHVWXGLHVDQGUHDOZRUOGH[DPSOHV
&RQFOXVLRQV
7KH(GHVLJQDFWLYLW\PRGHOZDVGHYHORSHGWRGHILQHWKHLQIOXHQFHRI&6&'IDFWRUVRQGHVLJQDFWLYLW\
7KH &6&' IDFWRUV FDQ EH KXPDQ RU WHFKQRORJLFDO DQG FDQ LPSDFW WKH GHVLJQ DFWLYLW\ SRVLWLYHO\ RU
QHJDWLYHO\7KLVQHZPRGHOGHILQHVKRZWKHHIILFLHQF\RIDGHVLJQDFWLYLW\FDQEHDIIHFWHGE\&6&'
IDFWRUVEDVHGRQWKHLUQDWXUH7KLVVWXG\KDVUHYHDOHGWKDWLQWKHFRQWH[WRIDGHVLJQDFWLYLW\WKHUHDUH
LQGLYLGXDO&6&'IDFWRUVZKLFKLQIOXHQFHWKHVXFFHVVRIDGHVLJQDFWLYLW\7KHVHFDQEHJURXSHG
LQWRILYHFDWHJRULHVZKLFKDFWDVDUHSUHVHQWDWLRQRIWKHDVSHFWVRI&6&'
7KHUHVXOWVRIWKLVZRUNFDQEHXVHGWRXQGHUVWDQGDQGGHILQHKRZ&6&'IDFWRUVLQIOXHQFHWKHGHVLJQ
DFWLYLW\DQGHQDEOHWKHSRVVLELOLW\WRDQDO\VHGHVLJQDFWLYLWLHVEDFNWRWKHLUSRVLWLYHRUQHJDWLYHLQIOXHQFH
7KLVDOVRHQDEOHVWRROVWREHGHYHORSHGWRKHOSZLWKWKHDQDO\VLVRIGHVLJQWHDPZRUN7KLVZRUNKDV
VKRZQ WKDW WKHUH LV SRWHQWLDO WR VXSSRUW WKH GHYHORSPHQW RI WKH ( GHVLJQ DFWLYLW\ PRGHO IXUWKHU WR
FRQVLGHURWKHUIDFWRUVUHODWLQJWRGHVLJQDFWLYLW\DQGHQJLQHHULQJGHVLJQWHDPZRUNVXFKDVFRRSHUDWLRQ
DQG FRPPXQLFDWLRQ 2XU QH[W VWHSV DUH GHWDLOHG WR YHULI\LQJ YDOLGDWLQJ DQG HYDOXDWLQJ WKH PRGHO
LQFOXGLQJWKHGHYHORSPHQWRI&6&'VWDWHPHQWVH[SHULPHQWDOYHULILFDWLRQPHWKRGDQGHYDOXDWLRQPDWUL[
ZLWKWKHFUHDWLRQRID&6&'WRRONLW
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